The purpose of this prospective observational study was to measure gastric volumes in fasted patients using bedside gastric ultrasound. Patients presenting for non-emergency surgery underwent a gastric antrum assessment, using the two-diameter and free-trace methods to determine antral cross-sectional area. Gastric residual volume (GRV) was calculated using a validated formula. Univariate and multivariable analyses were performed to examine any potential relationships between 'at risk' GRVs (>100 ml) and patient factors. Two hundred and twenty-two successful scans were performed; of these 110 patients (49.5%) had an empty stomach, nine patients (4.1%) had a GRV >100 ml, and a further six patients (2.7%) had a GRV >1.5 ml/kg. There was no significant relationship between 'at risk' GRV and obesity, diabetes mellitus, gastro-oesophageal reflux disease or opioid use, although our study had insufficient power to exclude an influence of one or more of these factors. Our results indicate that despite compliance with fasting guidelines, a small percentage of patients still have GRVs that pose a pulmonary aspiration risk. Anaesthetists should consider this background incidence when choosing anaesthesia techniques for their patients. While future observational studies are required to determine the role of preoperative bedside gastric ultrasound, it is possible that this technique may assist anaesthetists in identifying patients with 'at risk' GRVs.
The aspiration of gastric contents is a rare but potentially catastrophic complication of anaesthesia 1 . It has unpredictable consequences 2 . Significant pulmonary complications arise in almost half of patients who aspirate 3 , and over 50% of airway-related deaths in anaesthesia are a direct consequence of aspiration 4 , which occurs most frequently in patients with risk factors, at induction of anaesthesia, or during airway instrumentation. There are multiple identifiable patient and procedure-specific factors which are believed to increase the risk of aspiration 5 . The presence of gastric contents makes an aspiration event more likely 6 , and as a result, preoperative fasting guidelines are designed to provide adequate time for gastric emptying in patients undergoing surgery 7 . Nonetheless, it is unknown how many patients have gastric volumes that place them at increased risk of aspiration despite adequate fasting. Since aspiration is a rare event, it is possible that some patients have sizeable gastric volumes, but do not suffer an aspiration event. Recent consensus-based guidelines have been adjusted to permit drinking clear fluids up to two hours before surgery, as this has been shown not to increase the gastric contents nor the risk of anaesthetic complications 8 . It is also unknown whether compliance with fasting guidelines ensures that gastric residual volumes (GRVs) are safe in patients with known risk factors (e.g. factors known to delay gastric emptying or to increase GRV, such as trauma, opioid use, obesity and renal impairment) [9] [10] [11] . The rationale for fasting is that minimisation of GRVs will reduce the risk of aspiration. There is, however, no clear consensus as to what GRV is to be expected in a population of fasted adults. Values of between 0.4 and 1.2 ml/kg have been reported in a number of previous studies, using different measurement techniques 8, [12] [13] [14] . Point-of-care ultrasound applications are being incorporated into standard anaesthesia practice, as they are simple, available, easy to perform, and within the skill set of most anaesthetists. Point-of-care gastric ultrasound (POCGUS) can be used to assess the gastric antrum with high intra-and inter-rater reliability [15] [16] [17] and it provides accurate information regarding the type and volume of gastric contents 17 . Antral cross sectional area (CSA) is linearly related to gastric volume, with a Pearson correlation coefficient of 0.6-0.91 [18] [19] [20] . Furthermore, it has been validated against the gold standard of aspiration of gastric contents by gastroscopy in adults 18 and by nasogastric tube in the paediatric population 21 , with a sensitivity of 94% and a specificity of 83% 21 . Moreover, a 95% success rate in bedside qualitative ultrasound assessment has been achieved after 33 POCGUS examinations-hence the technique appears to be valid and reproducible 22 . It has also been questioned whether POCGUS should become part of routine anaesthetic pre-induction assessment 23 . The purpose of this study was to use POCGUS to assess the GRVs of patients scheduled for surgery in a tertiary referral trauma university hospital. Our primary aim was to determine what GRVs should be anticipated in such a patient population, and to determine the proportion of fasted patients who have GRVs that might pose a pulmonary aspiration risk. Our secondary aim was to investigate the influence of risk factors for increased GRVs to the extent that our sample size allowed. 25 , fasted as per institutional guidelines (six hours for food and two hours for clear fluid), with an American Society of Anesthesiologists (ASA) physical status classification of 1 to 3. Patients with previous gastro-oesophageal surgery, recent pregnancy (within three months), those unable to provide consent due to cognitive impairment or mental disability, or those with documented gastro-oesophageal pathology such as a hiatus hernia were excluded. We also excluded patients who were unable to lie still for ultrasound assessment, those undergoing cardiac surgery, and patients who had received premedication prior to transfer to the theatre holding bay. Cardiac patients were excluded due to insufficient time for scanning due to their transfer process in our operating theatres. All patients provided informed consent to participate in the study. Patient characteristics recorded included demographic data (age, sex, weight, height, body mass index [BMI] , and ASA physical status classification), fasting duration for food and liquid (defined as the interval between last solid ingestion or fluid intake and ultrasound examination), creatinine, surgical classification (elective or expedited), gastro-oesophageal reflux disease (GORD) (asymptomatic or symptomatic), previous oesophagogastroduodenoscopy (OGD) and its result, medications for reflux, diabetes mellitus (neuropathy, treatment, years since diagnosis), and preoperative opioid use. Patients were classified into one of three BMI categories; normal (BMI <30 kg/m 
Materials and methods

Gastric ultrasound procedure
All patients provided informed consent prior to participation. Patients were placed in a right lateral decubitus position for a minimum of five minutes prior to the procedure. A Toshiba Aplio™ 300 ultrasound unit (Toshiba Medical Systems, Nasu, Japan) with a convex array (PVT 375BT) low frequency transducer (1.9-6 MHz) was utilised. Measurements of the antral CSA were taken (cranio-caudal [CC] length and anteroposterior [AP] length, or the calculated trace cross sectional area) 16, 17, 26 . For the two-diameter method (TDM), CSA was calculated using the formula 27 : CSA = (AP x CC x π) / 4. For free-trace measurement (FTM), the inner luminal outline including any folds was traced, and the ultrasound machine-calculated CSA was recorded.
Volume estimates were calculated for all sets of measurements using the most recently validated formula 18, 20 , with the CSA determined either with FTM or the TDM. Volume = 27.0 + (14.6 x CSA) -(1.28 x age) We categorised patients as having an empty stomach if the GRV was zero, a low-risk GRV if the measured value was <1.5 ml/kg, or a high-risk GRV if the measured value was >1.5 ml/kg. This is similar to a recommended qualitative grading system 18, 28 .
Statistical analysis
The calculated GRV values permitted patients to be categorised as having a GRV grade of empty, low risk or high risk as detailed above. Univariate (chi-squared) analysis was performed to examine the relationship between GRV status (empty, low or high risk) and a diagnosis of diabetes mellitus, gastro-oesophageal reflux, or obesity. One-way analysis of variance (ANOVA) was employed to compare the values of continuous variables between the different GRV categories, to identify whether there was a significant difference. Correlation and multivariable analyses were employed to examine the relationship between the measured GRV and a number of predictors in our patient cohort. Age, gender, BMI, ASA physical status classification, diabetes status, GORD, creatinine, fasting times for solids and fluids, and total morphine-equivalent opioid use in the 24 hours prior to surgery were all examined in the model, with backward removal of factors with a significance level >0. 
Results
Over 14 consecutive weekdays between the hours of 0730 and 1800 (27/11/2012-11/12/2012), we recruited consecutive patients arriving at the anaesthetic preoperative area of a major tertiary hospital and primary trauma centre (Royal Perth Hospital, Perth, Western Australia). During this period, 252 patients were identified. Following exclusions (13 were excluded due to being on haemodialysis, nine were excluded due to gastro-oesophageal pathology, and one patient refused consent), 229 patients were eligible for scanning (Figure 1) . In seven patients adequate quality scans could not be obtained due to obesity or bowel gas impeding reliable views of the gastric antrum, so a total of 222 completed scans were performed. Fifty-six percent of patients were male. Fifty-five percent of procedures were described as elective, the remaining procedures being expedited (Table 1) . Ninety-four patients had self-reported or endoscopically proved GORD, 29 patients had diabetes mellitus and 63 patients were either obese or morbidly obese (Tables 1-3) . Mean (standard deviation, SD) fasting times were 14.6 (7.8) hours for solids and 10.9 (5.1) hours for liquid. One hundred and ten patients (49.5%) had an empty stomach, nine patients (4.1%) had a GRV >100 ml, and six patients (2.7%) had a GRV >1.5 ml/kg (Table 4) . Hence, approximately 3% of our cohort of patients had a GRV that would be considered to be at risk for pulmonary aspiration 28 . None of the variables examined by univariate analysis was associated with GRV grade (Table 5) . Likewise, none of these variables was found to predict GRV in our multivariable modelling. However, due to the low number of patients with at risk GRVs (total 9), there was insufficient power to confirm or exclude an influence of any of the factors studied on the risk of at risk GRVs.
Discussion
The most important finding of this study is that a small subset of patients (about 4%) who presented for elective or expedited surgery, when examined using POCGUS, had GRVs that are potentially a risk for pulmonary aspiration under general anaesthesia, despite adherence with recommended guidelines for preoperative fasting.
Concern relating to GRV is due primarily to the perceived risk of pulmonary aspiration and subsequent severe lung injury. It is, however, unclear whether volume, particulate nature, or pH of the gastric contents, or indeed all three, comprises the greatest risk 31, 32 . There is also uncertainty as to the GRV that should be considered as an at risk value for gastric aspiration 33, 34 . Some report that GRV values up to 0.8 ml/kg are safe 31 . This value has been used to define the threshold of a full stomach 19 . However, more recently it has been suggested that a value of 1.5 ml/kg is a more valid threshold to define both a full stomach and therefore aspiration risk 30, 35 . There is hence a considerable degree of uncertainty as to what GRV is the threshold for an increase in risk. Nonetheless, current published guidelines regarding preoperative fasting are designed to facilitate time for complete gastric emptying to reduce the risk of pulmonary aspiration.
Our results, which are consistent with previous work, suggest that a small proportion of patients whom we would justifiably believe to have empty stomachs based on fasting time and clinical assessment, have GRVs considerably in excess of what would be expected. This may be in part because of ongoing gastric secretion-gastric emptying is a complex physical, neuroendocrine and paracrine process, and may even be influenced by time of day 36 . Our finding that adequate fasting times consistent with published guidelines do not decrease GRV to a 'safe volume' in all patients is compatible with previous work in this field 25, 30, 35 , with some notable differences. Some previous studies employed a qualitative approach to grading of the gastric antrum. Their categories are not exactly the same, but are comparable to the categories we defined in our study. In a prospective study examining 200 elective surgical patients, 43% were found to have an empty stomach, 53.5% had a Grade 1 antrum (estimated low gastric volume, equivalent to a GRV <1.5 ml/kg) and 3.5% had a Grade 2 antrum (estimated high gastric volume equivalent to a GRV >1.5 ml/kg) 28 . These figures closely align with the findings in our study, which was also a prospective study. GRV values of approximately 0.6 ml/ kg are not uncommon in fasted patients 37, 38 . However, 14.8% of our patients had GRV values in excess of 0.8 ml/kg, and 3% had values in excess of 1.5 ml/kg. Further work needs to be performed to identify whether these values are sufficient to warrant postponement of an elective surgical procedure or the use of pharmacological agents to assist gastric emptying.
Multiple factors have in the past been identified as predictors of a full stomach and hence, risk of pulmonary aspiration. These include ASA physical status, opioid use, diabetes mellitus and obesity [39] [40] [41] [42] . We did not identify any relationship for these factors using either univariate or multivariable analysis when GRV was used as the dependent outcome variable. However, our analysis was limited by the small number of patients in the 'at risk' group, and the low prevalence of the risk predictors. As a result, we can make no conclusions about the validity or otherwise of any of the potential risk factors studied. Any further observational studies in a similar patient population will require at least 1,500 subjects to examine the predictors that we assessed. Until more information is available, anaesthetists should continue to consider these traditional predictors of an 'at risk' stomach in their clinical assessment of individual patients.
Our results are consistent with those of others, confirming that the POCGUS technique is feasible in most patients 20, 22 . Nevertheless, if these examinations were performed by anaesthetists rather than a trained ultrasonographer (as in our study), it is possible the technique might not be so reliable. A limitation of our study is that we did not employ qualitative observations as has recently been recommended 17 . This was because our study was completed before those recommendations were made. Therefore, the results of our study may not be directly comparable with those recently published based upon qualitative methodology. Also, our patients' fasting times for both solids and fluids were significantly in excess of the current recommendations. It is unknown whether such a duration of starvation may paradoxically increase gastric secretions or delay gastric emptying. However, our study did not pre-specify maximum fasting times and was a pragmatic observational study of patients in a major tertiary centre where time of surgery cannot easily be predicted.
In conclusion, using preoperative gastric ultrasound to assess GRV in 222 patients undergoing elective or expedited surgery, we found that 4% of fasted patients had a GRV >100 ml and 3% had a GRV >1.5 ml/kg, values that would lead to concern regarding the risk of pulmonary aspiration. It seems therefore, that our clinical assessments of likely gastric volume and conventional predictors may not always identify those at risk. POCGUS is an exciting, non-invasive and easy to acquire technique that may provide a more accurate bedside assessment of GRV in at risk patients. Further work, most likely a large observational study, would be required to define the role of POCGUS in identifying at risk patients preoperatively.
